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The Lampedusa Sea Turtle Rescue Center started its activity in 1990, and in this paper we analyze 
data from 2812 loggerhead turtlesrescued by 2016. Here we analyse which factors might have affected 
the rehabilitation success of the injured sea turtles hosted in our Center. We underline the following 
factors: type of clinical case, animal’s health condition and the presence of a qualified surgeon. 
For the first factor we estimated the percentage of survival animals with the various clinical cases 
(n=928) and for the second factor we estimated the outcome of therapies (recovery achieved/death) and 
health condition (good health condition/depressed/comatose) using the Fisher exact test which con-
firmed how health condition can significantly affect sea turtle rehabilitation success. For the last factor, 
we divided the study period into five subperiods (2001-2003, 2004-2006, 2007-2009, 2010-2012, 2013-
2016) based on the evolution of surgical techniques and the presence of an expert surgeon with direct 
experience of sea turtle surgery; with post hoc test of univariate ANOVA investigation, we confirm 
significantly the value of the experience of professionals involved.Bycatch and health condition appear 
to significantly influence rehab success and the presence of a competent surgeon is radically responsi-
ble for an increase in the survival of loggerhead turtles, as expected.
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Roldi, C. & Freggi, D.: Određivanje čimbenika koji su mogli utjecati na rehabilitaciju glavatih 
želvi Caretta caretta u Centru za spašavanje morskih kornjača Lampedusa između 2001-2016. Nat. 
Croat., Vol. 29, Suppl. 1., 59-66, 2020, Zagreb.
Centar za spašavanje morskih kornjača Lampedusa počeo je s aktivnostima 1990., a u ovom radu 
analiziramo podatke 2812 glavatih želvi spašenih do 2016. godine. Analiziramo čimbenike koji su 
mogli imati utjecaja na uspjeh oporavka ozlijeđenih morskih kornjača smještenih u našem Centru. 
Naglašavamo sljedeće čimbenike: tip kliničkog slučaja, zdravstveno stanje životinje i prisutnost kvali-
ficiranog kirurga.
Za prvi čimbenik procijenili smo postotak preživljavanja životinja u odnosu na razne kliničke 
slučajeve (n=928), a za drugi čimbenik procijenili smo ishode liječenja (postignuti oporavak/smrt) i 
zdravstveno stanje (dobro zdravstveno stanje/depresivna/komatozna) koristeći Fisherov egzaktni test 
koji je potvrdio da zdravstveno stanje može značajno utjecati na oporavak morske kornjače. Za posljed-
nji čimbenik podijelili smo vrijeme istraživanja u 5 potperioda (2001-2003, 2004-2006, 2007-2009, 2010-
2012, 2013-2016), na temelju razvoja kirurških tehnika i prisutnosti kirurga s direktnim iskustvom na 
operiranju morskih kornjača; koristeći post hoc test univarijatne ANOVA analize, potvrdili smo 
značajnu vrijednost iskustva prisutnih stručnjaka. Slučajni ulov i zdravstveno stanje značajno utječu 
na uspjeh oporavka, a kao što je i očekivano, prisutnost kompetentnog kirurga radikalno povećava 
preživljavanje glavatih želvi.
Ključne riječi: morske kornjače, uspjeh oporavka, klinički slučajevi, preživljavanje, Lampedusa 
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INTRODUCTION
Over recent decades, the status of sea turtles and the need for their protection have 
increasingly become topics of public interest (Casale et al., 2008; Casale, 2011), ac-
companied by a global rise in the number of sea turtle rescue centers. This is particu-
larly true in Italy, where more than 25 of these rehabilitation centers operate. Reha-
bilitation based on sound conservation and biological principles (Tribe & Brown, 2000; 
Ferraro & Pattanayak, 2006) ensures that available resources can be allocated to the 
most effective conservation measures (Tribe & Brown 2000, Ferraro & Pattanayak, 
2006; Wimberger et al., 2010; Feck & Hamann, 2013). In some cases, however, the high 
costs of rehabilitation or low success rates may prohibit widespread implementation 
(Baker et al., 2010).Thus, understanding the success rates of rehabilitation and how 
they vary with species biology (e.g. body size, sex) will enhance our ability to gauge 
how these activities can contribute to conservation (Lazar et al., 2004; Beker et al., 2015; 
Casale et al., 2016).
Sea turtle rehabilitation is usually achieved through medical management of sick or 
injured animals by veterinary surgeons in wildlife hospitals (Casal & Orós, 2009; Feck 
& Hamann, 2013). The majority of animals in rehabilitation are taken there because of 
some previous negative interaction with humans, including entanglement in fishing gear 
(Bentivegna, 1993; Allen, 2000; RAC/SPA, 2004; Bagarinao, 2011), being hit by a boat 
or propeller and a wide range of other causes (Bagarino, 2011). Wide spread rehabilita-
tion of sick or injured turtles currently supplements other conservation efforts (Casal & 
Orós, 2009; Mestre et al., 2014), but we still have a poor understanding of the conserva-
tion potential of rehabilitation in terms of numbers of healthy animals released (even 
without any knowledge of their longer-term individual survival (Mestre et al., 2014).To 
fill this knowledge gap, we ana-
lysed data on injured sea turtles 
admitted into rehabilitation facili-
ties from 2001 to 2016 in Lampe-
dusa Sea Turtle Rescue Center (It-
aly) (Fig. 1) for the rehabilitation 
success, using different factors like 
type of clinical case, health condi-
tion of the animal, and the pres-
ence of an experienced surgeon.
MATERIALS AND 
METHODS
The overall rehabilitation succe-
ss for all cases presented at the res-
cue centre was assessed quantitati-
vely by the following formula:
Overall rehabilitation success 
(%) = (NrecoveredYr / NtreatedYr) 
× 100
Where NrecoveredYr = number 
of recovered turtles after medical Fig. 1. Study area.
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treatment per year; NtreatedYr = number of turtles with medical treatment per year. The 
percentage of rehabilitation has been turned into arcsine (%). Arcsine transformation of 
data is appropriate for the data on proportions, i.e., data obtained from a count and the 
data expressed as decimal fractions and percentages; Fig. 2 shows the arcsine percentage 
of rehabilitation success during the years and the red line represents the best fit obtained 
with the interpolation line of the curve. The red line was made with a regression line.
Fig. 2. Arcsine (%) of the rehabilitation success during the years between 2001 and 2016 (n=795). The 
red line represents the regression line made by interpolation of data.
Each clinical case was first assigned a category, based on its primary manifestation, 
the criteria for which are represented in Tab. 1. We assigned different colors to the 
categories to make Fig. 3 more understandable and each clinical case was then identi-
fied with a number based on the position of the category in the body. The rehabilitati-
on success for each of these was then calculated to determine which injuries are the 
most dangerous for sea turtles, using the following formula:
Tab. 1. Assessment criteria for categorizing each clinical case. Colours indicate the category (purple: 
hook, blue: line, green: fracture, yellow: lesion, black: infection) and each clinical case was then iden-
tified with a number based on the position of the category in the body (1: hook in mouth, 2: hook in 
oesophagus, and so on).
Hook Line Fracture Lesion 14. Infection 
1. mouth 5. from mouth 8. flipper 11. flipper
2. oesophagus 6. from cloaca 9. carapace 12. carapace
3. stomach 7. from mouth to cloaca 10. head 13. head
4. intestine 
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Case-specific rehabilitation success (%) = Number of turtles that survived a par-
ticular case / Total number of turtles presenting that case
Statistical analysis was performed to compare the result of the treatment (recovery 
or death), against the health condition of each animal (good, depressed or comatose) 
by means of Fisher’s exact test. The study period was also divided into five subperiods 
(2001-2003, 2004-2006, 2007-2009, 2010-2012 and 2013-2016) to account for the evoluti-
on of surgical techniques and the presence of an expert surgeon with specific experien-
ce in sea turtle surgery. A post hoc test of univariate ANOVA was then used to identi-
fy the periods with a significant increase in rehabilitation success.
RESULTS AND DISCUSSION
We divided the primary factors that can influence rehabilitation in three areas: cli-
nical case, health condition and presence of an expert surgeon.
Clinical case: Through analysis of the rehabilita-
tion success for each case, it is evident that the pre-
sence of a fishing line (in blue) from the mouth (5), 
from the cloaca (6, Fig. 4), and from the mouth to 
cloaca (7) were the most dangerous injuries, with a 
lower than 50% survival rate. Hook in intestine (4) 
shows a survival rate of only 39%. This is shown 
above in Fig.3.
Health condition: Health condition was also 
shown to strongly influence the success of tre-
atments (Tab. 2). The Fisher exact test proves that 
loggerhead turtles in bad health conditions have a 
lower probability of survival (P<0,001; n=967), as 
expected.
Fig. 3. Percentage of loggerhead turtles treated with recovery achieved according to the type of clinical 
case (%). The red line marks 50% (n=928).
Fig. 4. Fishing line hanging from the turtle’s cloaca.
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Presence of an expert surgeon: The success of rehabilitation (based on the arcsine%) 
between the 5 periods identified was evaluated, and revealed a significant increase in 
success after 2006. We investigate these factors with the post hoc test of univariate 
ANOVA (P = 0,016; n = 1011) (Fig.5; Tab. 3). The success rate continued to rise over the 
last 3 periods, when there was the presence of an experienced surgeon, thus suggesting 
that this factor is of great importance to rescued sea turtle survival.
Tab. 2. Contingency table: Results of treatment and health condition. Fisher’s exact test between the 
outcome of the treatment and the health conditions upon arrival excluding the “unsolved cases” and 
the loggerhead turtles with unknown health conditions (P<0,001; n=967).






recovery 776 44 2 822
death 36 53 56 145
Total 812 97 58 967
Fig. 5. Arcsine (%) of therehabilitation suc-
cess during 5 subperiods (n=1011). The divi-
sion into periods is given by the evolution of 
surgical techniques.
Tab. 3. Univariate ANOVA post hoc test on 
the success of rehabilitation in the five peri-
ods. Significant outcome are in bold.
64  Roldi, C & Freggi, D: Determination of the factors that might have influenced the rehabilitation of Caretta caretta...
CONCLUSION
This study confirm that lines inside a loggerhead turtle’s body result in high mortal-
ity, higher than the presence of hooks and this is evident from Fig. 3, The only exception 
is of hook in intestine, because the presence of the hook in this position must involve the 
presence of the line in all cases. In fact Professor Di Bello A. has shown in his studies how 
the presence of a line determines a higher mortality than the presence of only ahook. In 
fact, surgery of the lower digestive tract is certainly more challenging and further com-
plicated by the serious injuries that hooks and lines often cause in the stomach and in-
testine, while the surgical approach for the extraction of hook from the oesophagus is 
relatively easy (Di Bello et al., 2010). In several cases single or multiple intestinal lacera-
tions were detected, caused by the pull of the lines, in other cases the surgeon performed 
enteroctomy of a long section of intestine because of lines injuries (Di Bello et al., 2010). 
Moreover health conditions can have a great influence on rehabilitation success, as we 
expected. We have seen that loggerhead turtles that show a higher mortality are those 
that present bad health conditions on arrival (depressed and comatose). Finally we no-
ticed that, especially, the increase in the knowledge of surgical techniques over the years 
and therefore also the support of an expert surgeon have certainly determined an increas-
ing success in turtle rehabilitation, for turtles have a complex anatomy and all surgical 
operations require a lot of experience on the part of the operator.
TAKE-HOME MESSAGE: The conservation status of sea turtles has been steadily 
improving during the last ten years; as a reason for this, we have witnessed an increase 
in activities aimed at the safeguarding and protection of these species. The role of 
rescue centers for sea turtles should be to raise public awareness, and therefore of actors 
in the tourism industry, of the issues concerning the possible extinction of sea turtles.
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SUMMARY
Determination of the factors that might have influenced the rehabilitation 
of Caretta caretta in the Lampedusa Sea Turtle Rescue Center between 
2001-2016
C. Roldi & D. Freggi
Over the last few decades, the status of sea turtles and the need for their protection 
have increasingly captured the interest of citizens, and the number of sea turtle rescue 
centers is increasing worldwide, but especially in Italy, where we count more than 25 
first aid stations.
The Lampedusa Sea Turtle Rescue Center started its activity in 1990, and in this 
paper we analyze data from 2812 loggerhead turtlesrescued by 2016. Here we analyse 
which factors might have affected the rehabilitation success of the injured sea turtles 
hosted in our Center. We underline the following factors: type of clinical case, animal’s 
health condition and the presence of a qualified surgeon. 
For the first factor we estimated the percentage of survival animals with the follow-
ing clinical cases (n=928): infections, fin/carapace/head fractures, fin/carapace/head 
wounds, hook in oesophagus/intestine/stomach/mouth, fishing line from mouth/clo-
aca, fishing line from mouth and cloaca; five of the analysed clinical cases show rehab 
success below 50% (head fracture, fishing line from cloaca/mouth/mouth and cloaca, 
hook in intestine).
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For the second factor we estimated the outcome of therapies (recovery achieved/
death) and health condition (good health condition/depressed/comatose) using the 
Fisher exact test. The Fisher test confirmed how health condition can significantly affect 
sea turtle rehabilitation success (Fisher test=369,894; d.f.=2; P‹0,001; n=967).
For the last factor, we divided the study period into five subperiods (2001-2003, 
2004-2006, 2007-2009, 2010-2012, 2013-2016) based on the evolution of surgical tech-
niques and the presence of an expert surgeon with direct experience of sea turtle sur-
gery; with post hoc test of univariate ANOVA investigation, we confirm significantly 
the value of the experience of professionals involved (P= 0,016; n = 1011).Bycatch and 
health condition appear to significantly influence rehab success and the presence of a 
competent surgeon is radically responsible for an increase in the survival of loggerhe-
ad turtles,as expected.
